INTRODUCTION
Vietnam is blessed with many medicinal plants. Literature information has shown that the volatile oils of these plants have received little chemical analysis. In view of this, we have developed interest in the analysis of essential oil constituents of plant species from Vietnam 1, 2 . Cinnamomum is a genus of evergreen trees and shrubs belonging to the Laurel family, Lauraceae. Cinnamomum species have aromatic oils in their leaves and bark. The genus contains over 300 species, distributed in tropical and subtropical regions of North America, Central America, South America, Asia, Oceania and Australasia. The genus is a source of various biologically active compounds 3, 4 .
Majority of Cinnamomum species are aromatic trees with a characteristic smell and the reports on their volatile components are readily available in the literature. Recent findings revealed that the volatile oils of Cinnamomum species possess variety of biological activities such as cyto-
The volatile oil content of several species of Cinnamomum growing in Vietnam has been characterized with low content of E -cinnamaldehyde 2, 14 19 . Only the oil of C. tonkinensis 20 contained an appreciable amount of E -cinnamaldehyde 32. 6 . In this paper, we report the volatile constituents identified from Cinnamomum kunstleri Rild., Cinnamomum damhaensis Kosterm., Cinnamomum curvifolium Lam. Nees., Cinnamomum mairei H. Lev., Cinnamomum rigidifolium Kosterm, Cinnamomum caryophyllus Lour. S. Moore and Cinnamomum cambodianum Lecomte, endemics to Vietnam. Relatively, information is scanty on the volatile and non-volatile components of these plant species. Cinnamomum cambodianum is known to possessed anti-allergic effect 21 . The major constituents identified in the essential oil were α-terpineol 33.4 , linalool 22.4 and terpinen-4-ol 13.3 18 . Also, cinnamaldehyde, cinnamic acid and coumarin were identified previously in C. mairei 22 .
The lack of readily available information on the chemical constituents of these plants arouses our interest to investigate the volatile oils of these poorly studied Vietnamese grown floras, considering that Cinnamomum belongs to a large family.
EXPERIMENTAL PROCEDURES

Plant Materials
Mature leaves samples of C. kunstleri, C. damhaensis, C. cambodianum, C. curvifolium, C. mairei, C. rigidifolium and C. caryophyllus, were collected from Ba · ch Mã National Park, Thua Thiên -Hue Province, Vietnam, in August 2012. Botanical identification was performed by Curators at the Herbarium Botany Museum, Vinh University, Vietnam. Voucher specimens LCS 241, LCS 252, LCS 254, LCS 258, LCS 259, LCS 260 and LCS 274, respectively, were deposited at the Botany Museum, Vinh University, Vietnam. Plant samples were air-dried prior to extraction.
Extraction of the essential oils
0.5 kg of air-dried plant samples was shredded and their oils were obtained by separate hydrodistillation for 4 h at normal pressure, according to the Vietnamese Pharmacopoeia 23 .
Analysis of the oils
Gas chromatography GC analysis was performed on an Agilent Technologies HP 6890 Plus Gas chromatograph equipped with a FID and fitted with HP-5MS column 30 m 0.25 mm, film thickness 0.25 μm, Agilent Technology . The analytical conditions were: carrier gas H 2 1 mL/min , injector temperature PTV-programmed temperature vaporization injection 250 , detector temperature 260 , column temperature programmed from 60 2 min hold to 220 10 min hold at 4 /min. Samples were injected by splitting and the split ratio was 10:1. The volume injected was 1.0 μL. Inlet pressure was 6.1 kPa.
An Agilent Technologies HP 6890N Plus Chromatograph fitted with a fused silica capillary HP-5 MS column 30 m 0.25 mm, film thickness 0.25 μm and interfaced with a mass spectrometer HP 5973 MSD was used for the GC/MS analysis. The conditions were the same as described above with He 1 mL/min as carrier gas. The MS conditions were as follows: ionization voltage 70 eV; emission current 40 mA; acquisitions scan mass range of 35-350 amu at a sampling rate of 1.0 scan/s. The MS fragmentation patterns were checked with those of other essential oils of known composition with Wiley Wiley 9 th Version , NIST 08 Libraries on ChemStation HP , with those in the literature, and also with standard substances.
Identi cation procedure
The identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their retention indices RI relative to the series of n-hydrocarbons, under identical conditions, co-injection with either standards Sigma-Aldrich, St. Louis, MO, USA or known essential oil constituents, MS library search and on computer matching against commercially available spectral 24, 25 .
RESULTS
Yields and colour of the oils
The plant samples yielded a low content of essential oils: 0.20 , 0.25 , 0.21 , 0.30 , 0.25 , 0.32 and 0.35 v/w, calculated on a dry weight basis respectively for C. kunstleri, C. damhaensis, C. cambodianum, C. curvifolium, C. mairei, C. rigidifolium and C. caryophyllus. All the oil samples were light yellow coloured.
Chemical composition of the oils
The oil composition accounted for between 90.0-99.9 of the total contents. The percentage of each constituent identified in the oil samples as well as the experimental and literature retention indices are summarized in Table 1 was the only sesquiterpene of quantitative importance.
The oil of C. curvifolium represents the only species in which the aromatic esters 55. 9 and fatty acids 25.1 constitutes the main fractions of the essential oil. This was in contrast to the other species where monoterpenes and sesquiterpenes dominated the oil contents. The main constituents were benzyl cinnamate 29.9 and benzyl benzoate 22.1 along with hexadecanoic acid 7.5 and tetradecanol 5.5 .
DISCUSSION
Regardless of Cinnamomum being large family, with mostly aromatic plants, the essential of these plant species have not been investigated enough. Except for a report each on the essential oil compositions of C. cambodianum and C. mairei, the chemical compositions of the other studied Cinnamomum oils has never been the subject of literature discussion.
The high content of linalool in the leaf oil of C. cambodianum and C. damhaensis resemble those of wood oils of C. camphora var. linaloolifera 14 and previously analysed C. cambodianum 18 , although the identities of most other prominent compounds differed from each other. Cinnamaldehyde has been described as an important component of C. mairei 22 , though it was observed at a relatively low content 0.7 in this investigated oil sample However, other compounds such as cinnamic acid and coumarin that were previously characterized in C. mairei were conspicuously absent in the present result. However, eugenol 37.0 and 1, 8-cineole 29.2 were previously reported to be the major compounds of C. albiflorum 17 .
The other significant compounds of C. mairei neryl acetate and eugenol acetate were not detected in C. albiflorum.
Benzyl benzoate, one of the major constituents of C. curvifolium was previously identified as the dominant compound of C. parthenoxylon analysed from Vietnam 15 .
The percentage of the compounds was 22.1 vs. 50.2 respectively. However, other notable compounds of C. curvifolium such as benzyl cinnamate, hexadecanoic acid and tetradecanoic acid were not found in C. parthenoxylon. Cinnamomum oils from Vietnam with large amounts of sesquiterpene compounds, as seen in C. rigidifolium, have been reported. These include the leaf oils of C. sericans, C. magnificum and C. iner 2 . In addition, the low content of E -cinnamaldehyde 0.2-1.0 in the studied oil samples is in agreement with previous results for majority of Cinnamomum species already reported from Vietnam 2, 14 19 .
A comparison of the major constituents in this and previous reports could lead to the chemical delineation of Cinnamomum oils from Vietnam. This classification was based on the chemical classes to which the major compounds belong. However, the identities of these major constituents in the same chemical class differed from each other. It should be noted that correlations were observed in the classes of compounds and not in the identities of the major compounds when comparison was made between the present and previous data. For example, bicyclogermacrene, β-caryophyllene and bicycloelemene were the sesquiterpenes in C. magnificum previous study , while α-selinene, β-caryophyllene and α-copaene were present in C. rigidifolium this study . This comparison showed that the oils of Cinnamomum species already analysed from Vietnam fall into seven groups which are:
Oil with large contents of monoterpene hydrocarbons peculiar to C. durifolium leaf The quantitative composition and the relative proportions of the oil components are widely influenced by the factors such as nature and age of the plant, genotype, ontogenic development, environmental and growing conditions, handling procedures etc. 26 . These may largely be responsible for the observed compositional variations between the studied oil samples and previously reported results from Vietnam. In addition, the various compounds present in these oil samples were known to possess a variety of biological importance and these might have been responsible for the medicinal importance of the plant samples. Referring to literature, essential oils with large amount of eugenol, 1, 8-cineole, linalool and terpinen-4-ol have shown antimicrobial potential 11, 27 . Furthermore, β-caryophyllene showed anti-inflammatory and anesthetic effects in addition to anticarcinogenic and antineoplastic 28 .
In addition, β-caryophyllene and α-terpinol have displayed insecticidal activities 27 . Benzyl cinnamate is reported to be efficacious in the treatment of tuberculosis while benzyl benzoate is used in medicine formerly as an antispasmodic and in the form of a lotion as a scabicide and in perfumery 29 .
CONCLUSION
For the first time, the chemical compositions of the leaf essential oils of seven Cinnamomum species from Vietnam were being reported. It was noted that each sample has its compositional pattern different from others. Our results are contribution to a better valorization of these plants. The grouping can aid further the chemotaxonomy of essential of Cinnamomum species grown in Vietnam. In addition, the various compounds present in the oils may contribute to be phytopharmaceutical importance of the oils.
